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^ ^7]£r al 



-g-^ (dark resonance)* ^-Esfe ^ ; 



(refractive index) ^ -f-^r ^^1-* 0 l-§-s>^ S^tfl^ -fltl 0 <J=^>^2:7l^ 

°m ^ fat ^t^. 
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{Quantum modulator} 

^--g-ofl (^) ^ ^<#*} (^) €3?- (^Hm^^ ^); r 3i = 

r 32 =5 THz, Y 31 =Y 32 =10 THz , Y 12 =10 GHz, r 12 =l GHz, <2 2 =10 THz, 31*1-71 4 ^ z}o] 
=1 ps; Tij^- Yjj^ °HM*1 Ir^ li>°lH lj>^ ^°l^r^ population relaxation 

time Ti ^ phase relaxation time T 2 $\ ^^r. 

£ 2 (a) ¥ 0 J=*r (b) g^f- *r^- 1 THz i^^^^ 

31^); r 31 -r 32 =5 THz, Y 31 =Y 32 =io th 2 , Y 12 =io GHz, r 12 =i GHz, £ 2 =6 thz. 

£ 3 •& (a) ^f^*} #^1: igsHl ^r^- 10 THz (^llS-tHr Jftii); T 31 

-r 32 =5 THz, Y 31 =Y 32 =10 THz, Y 12 =5 THz, T 12 =2 THz, <2i=i2 2 =10 THz. (b) ^ 
(34d), ^°^> -8-^ >H|7l 

a 2 ^ ^^IJ:, cy d ^ ^€ ^1^. (a) 3 # °fl*l*l ^-g-^Rr *1^ 4 sJ-^SHS 

-fltr (b) ^^IH 2 -^ (forward propagating scheme), (c) ftifl^KH^E. 
(backward propagating scheme); BS, Beam splitter. 

£ 5 *1*^ (icHM- ^Sj-W ^l^tr <9*r«S7l (a) #7>7| 

4 -R-^^* fl«3S °im*l>IN ^-g-*Hr ^ (b) **** 
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(forward propagating scheme). 

£ 6 -S- S. 2(b) SJ z^s; tii [Im(p 13 )]2] ^q-^ ^l^Ti. 



42.3] 

<7> M}-^ i^-cH^ °^}^.2l7]S] ^e) ^ ^2<Hl =btb ^°]^. 

(electro-absorption) ^271 7]<£°]] $X°]*\e] RC 
^■^rM- (traveling wave) ^2:7]^ SloH^ 3b*>7]s]- - #2}- #£.11*1 S^IM- 

Mach-Zehnder ^l-g-sVfe (electro-optic) *fi27H fto] ^-f- igsHl 

iJ-S-tb relaxation time°ll ^#3*1 SHr, ^#°fl 7l3:5>fe- 

^fl-S}- ^7.} °l-§-*Rr THz °l4}-2] 2L^Efl<3 ^1-^2:71^) ^-tb 

^ ^ ^-£^42r, iflsj-l- ol^-tb wl^S] 4 bHS- 

THz ^^-cfl^ <8*r€i7l3 ^ ^l^g-tbcl-. 
[t 1 ^ ^ £ *}-§-] 

<io> -5J-71 7l#aj aMl* ^t\7] 4)afl cl~§-*r 2<>1 £3* -i^tb^. -£ 1 3 insets 
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^ (|1>, |2>, I3>)» M-Bf^lcf. 1 3] inset <*fl*i |1>, |2>, |3>£ ^r^°_^. ^ 

7fe ofluj^l ^<H* M-Efifl^ tit> i , a> 2 ^ *IM*1 ^ U>, |2>*IM ^ oil 

M*l §^ I3>°fl *}--§-<5Rr ^1^1-71^ ^tx(.^» M-^^H^*. *l*>7l^ fi,^ ty 2 ^ 

-8-* |1>-|2>4| ^-^7} ^->-g- ReC^xs)* -fKE*|-JI, °1 ^J^r ^Shg-fr <0 2 $r ^ * 

^ zl M\}7]^ [Re( Pi 2 )] 2o fl (Phys. Rev. A Vol. 59, 

(1999) APS, USA, B. S. Ham, P. R. Hemmer, and M. S. Shahriar, Efficient phase 
conjugation via two-photon coherence in an optically dense crystal, pp. R2583-6). 
Pij^ °HM*1 §fl li> Q |j> <$mi5- ^« ol* >5Q3l ^ 

-f^rtr* °H ^ (For ark resonance: Opt. Lett. Vol. 3 (1978) 

0SA, USA, H. R. Gray, R. M. Whitley, and C. R. Stroud, Jr., Coherent trapping of 
atomic populations, pp. 218-220; For electromagnet ical ly induced transparency 
(EIT): Phys. Rev. Lett. Vol. 66 (1991) APS, USA, K. J. Boiler, A. Imamoglu, and S. 
E. Harris, Observation of electromagnet ical ly induced transparency, pp. 2593-6 
7}^}o\ \j" ^7} (Phys. Rev. Lett. Vol. 77 (1996) APS, USA, M. Jain, H. Xia, G. Y. 
Yin, A. J. Merriam, and S. E. Harris, Efficient nonlinear frequency conversion 
with maximal atomic coherence, pp. 4326-9)3}- sj^fl- #^ (Pr 3+ )°1 Y 2 Si0 5 S 

(Phys. Rev. A Vol. 59 (1999) APS, USA, B. S. Ham, P. R. Hemmer, and M. S. 
Shahriar, Efficient phase conjugation via' two-photon coherence in an optically 
dense crystal, R2583-6) ti r 91^- ^^tHr P ^ #ifltHr \ <P> 6 \] 
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$\HH t\~%-3[ Qo] &<gsic]- (M. 0. Scully and M. S. Zubairy, Quantum optics, 
Cambridge University Press (1997) New York, N.Y., USA). 

<12> | yy ^ ai (t)exp(-i^t/^) | u, >. (2) 

i 

<13> ^ 1 °- &X}7]3\- 0) 2 A |2>-|3>^1 ^-^1* nfl, *[7\7}^ oji$\ ^ ^H}^^B] 

i4^r\fl4.'S 1 ^ ^l<Jr°fl ^91 parameter Q*}^^^^ intersubband^l 

e^tr^f (C. Weisbuch and B. Vintger, 
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Quantum Semiconductor Structures, Academic Press (1991) San Diego, CA, USA). S. 1 
Re(p 12 )fe 8 1 °) 0°U 7MflS^f $3 Im(pi3)fe *cflS. 9f«f] 

«■ =r Sa=f. #33^51 Re(p i 2 )^ (-)&<>1 *7>^ -^f-ol ^7 r «"& °H 
*r^,Im( Pi3)^ (-)&°) Skfc^-fr ^^-7lB|-7> #^1 t£5L7} ^n^^r 3 D l «■ 

t}. #€• £ 1 ^°<M- ^5J"*S1 >fl7l ([Re(pi2)] 2 ) ^ u l 

*tr ^"tHS- ojpS] 4 3HH}-§-2r <y d (<o d = <y !+<y 2 - wp)^- 3 

#€4. 4 Br^^-BpS) ^7)7} ^7,} 71^2] ^7]ofl HHle>fe 

°l n l -M^-fr -§-*IH ^3 3 8*} (Phys. Rev. A Vol . 59, (1999) APS, USA, B. S. Ham, . 
P. R. Hemmer , and M. S. Shahriar, Efficient phase conjugation via two-photon 
coherence in an optically dense crystal, pp. R2583-6). 5. 1 °fl M-Eftr S 0 1 

Re(pi 2 )^ ~0 IS s]^ -2-2] ^ ^iz)-^ e^oflA^ Jf<#*> ^ofl ^. SL^« 

q-Ej-ifl* Sicf. -fr^tf 3^ <?i = Oofl-H <» d a [Re(Pi 2 )] 2 ^ 

(spectral width)£- Y31 (10 THz)M4 -tf-^- £47} M-E^-i- # ^ 

(Phys. Rev. Lett. Vol. 79 (1997) APS, USA, Spectroscopy in dense coherent 
media: line narrowing and interference effects, M. D. Lukin, M. Fleischhauer , A. 
S. Zibrov, H. G. Robinson, V. L. Vblichansky, L. Hollberg, and M. 0. Scully, 
2959-62). 5l 1 £\ ^*}-$.7}7]3\- IS Hamiltonian matrix^ cf-§-2f 
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<14> H=h/2ir{^,|l><l|-p><2H3>^ (3) 

<is> cx\ 7 )X] di=Q)i-coad ®\ (i = 1.2,3) ^ &*}7}$- Ei(r,t)£] Rabi ^sK^o} 
, h ^ Planck #^°lt} : 

<16> E^t^l/^e^expfiCcOit-kT^+cx., (4-1) 

Q-T^tyh. (4-2) 

<i?> -tf^^lHr ShrOdinger o^HH 4^ 7 ^°] -fKE^. 



<18> 



|*>=-lH|W>. (5) 



ft 

<19> ^-Efl^i^l- X\#dft uf^. ^nl^-i: (Sj-TfiS]^ Liouville w o v ^* 

<20> i 

p= [H,p] + (decay terms). W 

<22> j | , 

<23> fl-^ (7)3.^3 5. 1 ^ 3 + * 9 7fl<^ ^ ^^JE^^l-g- 



21-8 



1020000038721 2001/5/ 



<24> Q, 

Pn =_i -y^i3 -Pji) + r 3i/>» " r i2(Ai ~ A2) 

A, -if (ft, -A,)-if -/*>-<r„ + r„ V)) 

<25> ^Hl^ £ x -cy3i( (Dzi=(D>$-G) \) , 5 2 = <w 2~ ^ 32 ( 32= ^ 3" <° 2) °1 ^ - 

<26> 2 J£ 1 $\ (inset) 3 ^ oflui^l^^- ^ ^-^jzj- 27fl^ ^-^Rr ^A-7\^7\ 

*H*r* 3*^5. 7fl^>«; ^* M-E^t}-. 0} ^AV-g- <^fl XI* 

cj^j. ^ - 5_ 2' oil ig^A}^^ ^7} CW 

31 ^HM**. ^<=q# ^^>7lix|- o; 2 ^ ^"^^ pulse 3. 7>^^cJ-. a]^}- 

€ 5]^^o,5- fltf- °M A RH1 ^7fl&°l ^rS: ^ . on . a o > b]1# o_ 

^1*>£* «tf. t =0 <ti °fl 3^5t8r Pn=l, P22=P33=0, Pij(i^j)=0A^ 

tf. ol ^x>ofl ^o] zj- ^ ^olo] i/ioo^l 10 fs sacf. ^ 
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(8HH S X =S 2 =0 ^^J:^ NRZ binary code^ ASCII 'K0R ,= L 

z|o] ^e] ^ufofl SAlS)<H &r}. ^* ^# «1 51^7} 

fl«B ^til till- ^-f ofl rfl^l ^ 51 2(a)^ 5. 2(bHH tilju^u}-. 

5. 2(aW>H til^s) 4 *pcM}^r pi2 ^ ^^o] ^ p <q ^j/icq ^ofl a] 

31^}:°^. (Opt. Lett. Vol. 24 (1999) 0SA, USA, B. S. Ham, M. S. Shahriar, and P. R. 
Hemmer, Enhancement of four-wave mixing and line narrowing by use of quantum 
coherence in an optically dense double-A solid, pp. 86-88) cop$] *\)7]7} ^^t!: ^ 

* ^ sa^. 2(aHH .3-% ^1=^2^^, ^°<f*r ^S^-S-^ ^7] [Re(p 12 )l 2 ^ =l £ 

3-<&o] t^A]Jr cy 2 ^- 7-1^1 ^^1^ ZZ. A| 100%^1 7>#t}; ^°^} 

Re(p 12 )^ ^rfla^B: -O.50] cf. zie-m, £1=0.1^2^^ ^^^lfe -##*1 
-& §€-(<l/20) *£^5:£l 4i^-tilj£ uf^V^* It ^ SM. zt ^f-^f 

Sl 2(b)^r £^1Jl cy 2 °H ^ # 0 cM- Im(p 13)^ ^RMl ^ &&o]t± 9 

Sl 2(bHH ^ ^Si>§- Im( p 13)^- £i=0. 1 Q 2 °^ ^ 2.°c> 0 l ^^IJL 

^ 7>7>fl A^tf ^^71^^ ^nl* ^^j7 ol^-o. ol ^_- <yA>Sl^ ^^>7l 

^ ^l7)7> 71 ^ ti]*^ ^ JL^7> H.71 ttfl-g-olcf. ^ ^4^1 «■ 

^ ^ jL-ir^l igo^l 7 ] nfl^-ofl al ^^^ojcf. z\ ^_^3L cw 

a> x £: ^sl^tfl (lm(pi 3 )>0) zl °]-?r~ °fl M *l ^fl |3>^ |1>a>o1o|| ^^^^1 
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(P33>Pll)°l A S7}7] n&°]t\. (£ 6o\}*} °)&SLS, 51 2 o\}^\ ^Hfl^^^i € 

eWI* *2:*V7} fl^Mfe ^ 2(a)<*IM iL* ^-°cM ^Shfr* °l**Hr J^^M 

4. #*fl, ^±^7171- niq=^ c\V 5flo]7i# ^^^>7] fl«fl>Hfe £ 2(bWH ^ ^ 

-fr #Sfl n -ai^ ^^7 r ^ r ^-^ (Opt. Lett. 20 (1995) OSA, 

USA, P. R. Hemmer, D. P. Katz, J. Donoghue, M. Cronin-Golomb, M. S. Shahriar, and 
P. Kumer, Efficient low-intensi ty optical phase conjugation based on coherent 
population trapping in sodium, pp. 982-4) A>-g-s} ^Jitf 

<28> s. 3 £. 2UHH =§^*r ^tfl^* .£-^4. ^ (i)fe £ 

2(a)^1 parameter* ^>-g-^V^ 10-TH z ^^5: Tfl^oltf. o> 2 ^ 

^cM- *?hg-S1 ^7HHr31 o] o}Jfr±- -ff^*^ ^(coherence 

excitation)^ ^^J:^ ^r^*] #7] nfl^o]^. o] ^S}7] fltlHfe £ 2 ( 

Q^SH *\]7]^ ^7}a] 7}7]^ relaxation rate 
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Ti2* £4; ^ (8) S. 3 ^ <ii)€r ?i 2 (^12)^ 10 (1) GHz 

oflA] 5 ( 2 ) THz5. ^7>S)Sa* nfl ^^^^o] ft ^^4. 

£ 3 ii^^^ 4€- ^.S-*r ^ °1 4-§-^r relaxation time 

Tl^l O.2 ps^l 0 ^^ 7]^^ %ifl*14 ^r^^Ml^ Ti* i^^4. o)b\^Y 

Ti trTfl^^ *144 oln] #^^V "g:^^.^ ^ 444 oicf: 

10-2000-0033724. £3 5] (iii)£- ll^ 0 14 0.1 ps^H 0.1/zsS. 

a}^: ^ 2 <4 -g^f}- ^ 3(bHH ^ ^2:^ Q 2 ^ ^^°14 0.2ps 

<gnfl o]ul ^§^4. 4^M ^ 3 * ^AS. -R-JE« ^ v -§-* 4 

31?! relaxation time Ti * ^H"§: ^tr4. 
<29> £ 4 ^ £ 1 ( 2, 3 iL°l ^<£4 ^^sg-*- °l-g-^ ^7f^2:7] W ^ 

2:olt|-. £ 4(a)fe <3=*l«7lS ^«4?1 fltr ^\^$\ oflu) 

4 *fl4 ^1 4-g-*Rr ^r^* 0 ^. £. 4(b)fe £ ^ °J=^2:7l<H| 5fl°1 ShPrU- 
fl= ^h^E^I JL -E 4(c)tt ?Vtfl^^ phase conjugation <=>fl ^^4. 

4(cHH 6J C ^ ^ 4(b)^l co 6 °\] *fl^4. 4 oflA-] tga^ ^l^^r cy^lJl ^2:4^ 

control^- 0)2°}^. 1 <H1^1 J±5a*°l #4714 <y i*r ^2 7 > ^ °flH4 ^ 1 1> - 
|3>4 I2> - |3>ofl *J| i=5 2=0) ^ 4 4^Hl^-4 <w d (^c)S- 

44^-4. o^H ^4 a]jt ^sflAijr ^4 ^ ^4^» -ff*ltr4 (<y d = ">i+ 
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2 -<y P ). £ 4(aHH S-^- =l 3l*SlHM < H*1^M &7] ^^.ofl Mp 6\] 

-§- *A*#4. <** S<3 a»i3|- w 2 °fl ^*fl ^<><M- ^-g-S- $3 ll> - 

|2> A>olofl fl^^>s. M-E^-i+Tfl s^fecfl o]s. fl^^ el?)^. Bragg grating* ^ 
*rfe <y P °fi 21*11 4 J*r3MfJ*J*3. kd=ki+k2-kp f k; cu ; si ^"oH*. 

*ll 1 -ffE ^^-fr T^l ^5)-€4: fl«|E|. 

<30> E5t£l, 2^ iL<i] ^^-i- <>l-8-tr 0 ^l-^S7l ^-§- ^2: 

°lnf. £ 5 c\]a\ wl^s! coiUv/)°]JL &2l%}^ control^- <y 2 (pulse)°14. 5- 1 

oflA| JiS^°l ^^>7lSr a»!4 (y 2 7> Zj-Zj- o]]^*]^ |l>-|3>«f |2>-|3>^) ^«nfl ( 

a i= a 2=o> -tl^ a>i* wl*^r *M im(p 13 )°fl -atfltt ^, 

¥t S*^ ^*3°1 (2. 2(b) #2:). ^ control cy 2 7 r ^Alt cw -ilJ: aj 

T^l^l "3^^ A 1 S.<HH -frS. ^S^fr* ^711 ^-cfl3|-^cf: floc|E|. 

oi> £ 6 •& s. 2(b) s) ImCpisWI*! 4 St^^ M-^M-^ ©I^tW 

5L 64M ^^d-gr 5. 2(b)°fl 91^ Qi=Q 2 °^$\ Im( p 13 )°H ofluj 
^ |3>4 |1>^ ^lESl-oltr. ^ (8)4 -£ 64H ^ Im(pi 3 )2) 
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oWB} #^*]^ ^tMl*?! relaxation time ^]##^ ^H-l" 

^Si intersubband* °l-8-^|-<*l DC-10 THz ^^^8: °^t]-^7}9] 6] 
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1] 

^SHI 7l2:CT}^ oj^^l. 

2] 

^S7l . 

[^*J- 3] 
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